Abstract Biogeographical zonation based on single taxa poses major limitations on planning for nature conservation. This paper identifies biogeographical patterns of multiple taxa in the Netherlands, where no endemics are present at species level, on the basis of characteristic species. We used occurrence data on five species groups in order to identify spatially coherent, ecologically important regions. TWINSPAN was used to cluster grid squares according to similarity in species composition for each taxonomic group. Species that are characteristic of each of the clusters were identified using a preference index, and corresponding clusters among the taxonomic groups were identified with Kappa statistics. Regions containing characteristic species for several taxonomic groups were defined as 'hotspots'. Stepwise discriminant analysis was then used to characterize these hotspots according to differences in environmental conditions. The analysis yielded five regions that are clearly distinct in terms of species composition for individual taxonomic groups. Each region is characterized by a set of unique species that occur in the zonation of at least two of the taxonomic groups. Stepwise discriminant analysis revealed significant environmental differences among these regions. The concept of hotspots as operationalized in this study can make nature conservation planning more efficient. In combination, the hotspots 
Introduction
There is a deep-rooted tradition of studying spatial variation in species composition and delineating distinct ecological areas in terms of differences in species composition. At present, an understanding of the spatial variation in biotic composition and its underlying mechanisms is pivotal to conservation biology (Margules and Pressey 2000) . In recent decades, species richness has declined rapidly (Thomas et al. 2004; Millennium Ecosystem Assessment 2005) , urging effective conservation and restoration strategies. Ensuing research has yielded numerous strategies for nature conservation. Efforts to prioritize areas for nature conservation worldwide have included circumscribing 'hotspots'; areas with high species diversity or high levels of endemic, rare, or threatened species (Myers et al. 2000; Margules et al. 2002; Fox and Beckley 2005; Tchouto et al. 2006) . However, concentrations of overall species diversity and of endangered and endemic species do not necessarily coincide (Prendergast et al. 1993; Orme et al. 2005) . A refined method to select areas with high conservation value is to estimate an area's complementarity: the contextdependent, marginal gain in biodiversity that its preservation would provide. Reserve selection methods based on the complementarity principle and the use of advanced computer algorithms are popular (Rodrigues and Gaston 2002; Williams et al. 2006 ) but, according to Faith et al. (2003) , nowhere have the sets of areas thus selected been implemented in regional conservation planning.
In the absence of basic, fine-scaled data on the distribution of most species, both approaches depend on surrogate information. As distribution patterns do not necessarily coincide for different taxonomic groups, it is debatable whether indicator, umbrella, or keystone taxa could serve as surrogates for total biodiversity (Williams and Gaston 1994; Andelman and Fagan 2000; Ricketts et al. 2002; Kati et al. 2004; Wiens et al. 2008) . It is also debatable whether the focus should be on mammals, birds, and vascular plants, the dominant trend in conservation research and policy, instead of on overall biodiversity, healthy ecosystems, or the Earth's genetic library (Jepson and Canney 2001) . A different approach is to use specific environmental conditions (Pienkowski et al. 1996; Dûfrene and Legendre 1997) such as climate and soil type to represent biodiversity; possibly combined with species distributions (Carey et al. 1995) . This approach generates eco-regions that would reflect species distributions and thereby be useful for protecting biodiversity. It is focused on charting an area's characteristic species composition and environmental variation, as biodiversity cannot be captured in terms of species richness alone.
Setting conservation priorities gets even more complicated in a densely populated and industrialized country such as the Netherlands. Here, endemic species are absent and species numbers do not indicate regional priorities, as the patterns of species groups coincide only to a limited extent (Schouten et al. 2009 ). Given the growing tension in spatial planning between intensive land use and space for nature, the most pressing issue for Dutch conservationists is to determine where the main regions of interest for biodiversity are located. Fortunately, the Netherlands is one of the most closely monitored countries in the world. General biodiversity data are available for many taxonomic groups at a detailed level. Thus, there is no need to fill gaps in the data by means of extrapolation or predictive modeling, for example. This study therefore analyzes the patterns of biodiversity directly, without recourse to extrapolation, surrogate species or complementarity approaches.
Patterns in species distribution of well-studied groups such as birds and vascular plants have already been documented for the Netherlands (Witte and van der Meijden 2000; Kwak and van den Berg 2004) . However, distribution patterns of different taxonomic groups display varying levels of congruence (Prendergast et al. 1993; Reid 1998; Pawar et al. 2007) . This would justify the use of a multi-taxon approach to more accurately represent the country's ecological diversity (Carey et al. 1995; Maes and Bonte 2007; Diffendorfer et al. 2007 ). Therefore, this paper concentrates on five less-studied taxonomic groups to enable the identification of areas of biogeographical interest for these groups. Apart from alteration of their habitat, these groups are hardly subject to human activities (i.e., planting, hunting) that might change the distribution of populations, and they display a broad range of life strategies. Among the vertebrates, our analysis includes reptiles and amphibians; among the plant species, it includes the mosses. Among the invertebrates, it spans three groups: the aquatic carnivorous dragonflies; the terrestrial phytophagous grasshoppers; and the group of the hoverflies with larvae exhibiting various life strategies (terrestrial vs. aquatic; carnivorous or phytophagous; or saprophytic). A sufficiently large and good-quality dataset on their nationwide distribution was available at a suitable resolution.
Methods

Research area
The Netherlands is a small country (41,500 km 2 ) in northwestern Europe. About 2,000 years ago, the sandy inland parts of this region were covered by extensive forests. The western part was largely marshland, swamps, and bogs, separated from the sea by a strip of coastal dunes; the rivers crossing this lowland created a large delta (Zonneveld 1985) . More recently, high population density, industrialization, and contemporary landuse practices have radically altered the natural landscape and changed the environmental conditions (i.e., due to nitrogen deposition).
Species occurrence data
We divided the Netherlands into grid squares of 5 9 5 km, the resolution at which the bulk of the data was available and the geographical coverage suitable. Only those grid squares with more than half of the terrestrial area lying within the country's borders were taken into account (N = 1,393). Species lists for all grid squares were derived from several national databases. Data on hoverflies (Syrphidae), grasshoppers and crickets (Orthoptera), and dragonflies (Odonata) came from the database of the European Invertebrate Survey (EIS-NL). Herpetofauna (Amphibia and Reptilia) data were obtained from the RAVON Foundation (Reptile, Amphibian and Fish Conservation Netherlands). And data on moss species (Bryophyta) were extracted from the database of the Dutch Bryological and Lichenological Society (BLWG). These sources comprise a diverse assortment of museum records, data from monitoring and literature, species lists of inventories, and ad hoc species occurrence records collected by many volunteers and professionals over a long period of time (Table 1) . We only used data on species for which the taxonomic identification is straightforward (i.e., no species complexes were used). To obtain the best fill in the grid squares and to get some idea of the distribution patterns regardless of how the environment has changed over the past 100 years, we chose to use all available records. We did so even though less records are available from the period before 1950 than that from recent years. For species names we followed the nomenclature in Mertens and Wermuth (1960), Beuk (2002) , Nederlandse Vereniging voor Libellenstudie (2002), Kleukers et al. (1997) , and Siebel and During (2006) .
Environmental data
To explore environmental variation across the regions, we compiled a set of 33 possible discriminating variables (Appendix 1, Table 5 ). We extracted data on the distribution of different habitat types in the Netherlands from the LGN4 land cover map (Alterra 2001) , which is based on information from aerial and satellite imagery. The 39 land cover categories on this map were lumped into 13 habitat types (Appendix 1, Table 5 ). For each 5 9 5 km grid square we calculated the area occupied by the different habitat types. In addition we calculated the Shannon index expressing the land cover heterogeneity in each grid square:
where p i ([0) is the proportion of area of the i-th habitat type in a grid square. Climate data were obtained from the Royal Netherlands Meteorological Institute (KNMI 2002) . Relative humidity in spring, duration of sunshine, amount of radiation, temperature and precipitation surplus are given as the mean annual values measured over the period 1971-2000. Elevation was derived from the Dutch national digital elevation model (2002, Rijkswaterstaat) . Soil types were abstracted from the Dutch soil type map (Steur and Heijink 1992) . Average groundwater level in spring was derived from the map of groundwater classes (Hinsbergen et al. 2001) . For data on nitrogen deposition (1995-1997 means) we used the results of the STONE model (Overbeek et al. 2002) . Data on pH (1991-1997 means) , available nitrogen (1991-1997 means) , and salinity (1970-1997 means) were all obtained from Bio et al. (1999) . A map depicting the age of the Dutch landscape, based on the last major shift in land cover, was constructed using literature and topographical maps dating from ca. 1850 to 2002 (Cormont et al. 2004) . Time span 1819-2003 1820-2002 1900-2002 1823-2003 1800-2003 Data analysis
We followed a five-step procedure to define the hotspots of characteristic species. First, TWINSPAN was used to cluster grid squares according to similarity in species composition for each individual taxonomic group. Due to large differences in the number of species in the taxonomic groups (Table 1) , we analyzed the groups separately instead of combining them from the start. Then we identified characteristic species for each cluster. Subsequently we identified corresponding clusters among the different taxonomic groups and selected regions containing characteristic species for at least two of the taxonomic groups. These regions were then defined as hotspots of characteristic species. Finally, we assessed the environmental differences between these regions.
Identifying regions for individual taxonomic groups
Species composition of each 5 9 5 km grid square was analyzed for each taxonomic group individually, using two-way indicator species analysis (TWINSPAN), a hierarchical divisive numerical classification technique (Hill 1979) . We used the adjusted TWINSPAN version as described in Oksanen and Minchin (1997) . Highly common species (distributed across the entire country and in [40% of the squares) were omitted from the analysis to prevent the formation of separate clusters with a low sampling intensity, as unevenness in sampling intensity is a common problem in the kind of databases used in studies such as this (e.g. Guralnick and Van Cleve 2005) . A Geographical Information System (ArcView 3.3) was used to project the resulting TWINSPAN clusters onto a map of the Netherlands. The level of detail of the TWINSPAN analysis, and thus the resulting number of clusters, was guided by the aim of this study: the clusters needed to be spatially coherent and ecologically important.
Identification of characteristic species
To identify which species were characteristic of each cluster, we calculated a preference index for each species in each cluster. The index was calculated in accordance with Carey et al. (1995) :
where o is the observed frequency of a species in a given cluster and e is its expected frequency, the frequency with which it occurs in all grid squares. P is independent of the size of a cluster, allowing comparison of the degree of preference of a certain species among unequally sized clusters. A species was considered characteristic of a cluster if (a) P for that cluster is at least two times as high as for the other clusters and (b) if the species has a frequency of at least 5% in that cluster.
Similarity between the selected regions
Based on the preference index scores we identified clusters of grid squares that had characteristic species for each taxonomic group separately. We then selected the regions that geographically coincided for at least two of the taxonomic groups. The degree of similarity among the regions defined for the individual taxonomic groups was compared using Kappa statistics (Monserud and Leemans 1992) . In general, \0.2 represents poor agreement, 0.2-0.4 fair, 0.4-0.6 moderate, 0.6-0.8 good, and 0.8-1 very good (Landis and Koch 1977; Monserud and Leemans 1992) .
Defining hotspots of characteristic species
To generate hotspots of characteristic species, the regions with characteristic species of individual taxonomic groups were first stacked. Then the number of taxonomic groups for which a grid square was designated to the specified region was posted on a map.
Environmental distinction of the hotspots of characteristic species
We used stepwise discriminant analysis (SDA) to characterize the hotspots of characteristic species in terms of environmental differences. Discriminant analysis tests variables as discriminators of the differences between pre-defined groups. Using a stepwise selection procedure, only the most significant of the 33 possible discriminating variables (listed in Appendix 1, Table 5 ) were used. The analysis was performed using SPSS 12.0.1 for Windows (SPSS Inc., Chicago, USA). Wilks' lambda significance and the percentage of correct assignments were used to validate the results.
Results
Regions and their characteristic species
TWINSPAN analysis provided a classification of the Netherlands for the individual taxonomic groups. Only part of the clusters resulting from TWINSPAN appeared to be based on the presence of characteristic species . Table 2 presents the regions for each taxonomic group that do have characteristic species. We have included the characteristic species found in each region up to a maximum of 10 species.
Similarity between the selected regions Overall, there was a fair degree of spatial similarity among regions with characteristic species defined for the individual taxonomic groups (Table 3 ). The coastal dune regions of the individual taxa showed the highest congruence (with one exception, namely that it was not recognized for the dragonflies). There was also reasonable similarity among the regions located in the southern province of Limburg for the different taxonomic groups (Table 3e ). All groups, with the exception of the dragonflies, define the Limburg region very well. The grasshoppers and crickets do, however, exhibit a somewhat aberrant pattern. Their occurrence in the Limburg region (O3, Fig. 1b) is not strictly confined to the southern part of Limburg as is the case in the other groups; scattered grid squares with a similar species composition are also found in the rest of the country. There was less congruence in the patterns of the five taxonomic groups found in the southeastern part of the country. The patterns exhibited by the hoverflies deviated most from those of other groups. In the southeastern region, this deviation is explained by the small number of grid squares assigned to that region (S1, Fig. 1d ).
Describing the hotspots of characteristic species
Altogether, five hotspots of characteristic species were defined (Fig. 2) . The first region, forming a narrow band along the North Sea coast (DUNE), hosts four of the five taxonomic groups but its status as a hotspot is based on only a few species. For the mosses, DUNE can be subdivided into a coastal dune region and a Wadden region (the lime-poor northern dune area, including the Frisian islands), the latter subregion having considerably more characteristic species (Table 2 ). The second region (FEN) is found in the north and central western parts of the country and is a recognized region with characteristic species for three of the five taxonomic groups. The core of the third region (SAND) lies on the Pleistocene sand plateaus in the central and northern parts of the country and is the only region that is congruent for all five taxonomic groups. The fourth region (SE) is confined to the southeastern part of the country and is recognized as a region with characteristic species for all taxa except the grasshoppers and crickets. Finally, the fifth region (LIMB)-the smallest and most distinct one with by far the most characteristic species-is mainly situated in the southern part of the province of Limburg. (See Appendix 2, Fig. 3 for the location of the provinces.) Together these five regions cover about 40% of the terrestrial surface of the Netherlands. Four regions are only recognized for single taxonomic groups. While they are briefly discussed here, these regions are left out of the analysis. Among the grasshoppers and crickets, the occurrence of Metrioptera roeselii separated 65 grid squares in the southwestern province of Zeeland. Based on the distribution of the herpetofauna (Hyla arborea) a somewhat similar region could be designated, but this region has a major extension in the eastern part of the country. Twenty-five species of hoverfly (e.g., Cheilosia grossa, Cheilosia semifasciata, Cheilosia uviformis) distinguished a region of 16 grid squares, largely following the gradient between the lower parts of the Netherlands and the Pleistocene sand plateau. Regarding the mosses, 92 grid squares along the Rhine and Meuse Rivers form a region characterized by 24 species (e.g., Cinclidotus fontinaloides, Fissidens crassipes, Cinclidotus riparius).
Environmental differentiation
The results of the stepwise discriminant analysis indicate that the five hotspots of characteristic species differ significantly with regard to their environmental conditions (Wilks' lambda = 0.019; P \ 0.001). Four discriminant functions were constructed and 21 environmental variables (Table 4) were selected from the input list of 33 possible determining variables (Appendix 1) in order to explain the variation among five hotspots. The first discriminant function indicates that there is a big difference between the DUNE and LIMB regions on the one hand and the SAND and SE regions on the other. This difference is marked by the higher amount of radiation the DUNE and LIMB regions receive on an annual basis, as well as by the higher pH of associated soils. The DUNE region clearly stands out, as it receives more sunshine annually than the other regions (see Appendix 1, Table 5 ). Higher elevation, a high percentage of non-calcareous loamy soils, and the low groundwater level in spring imply that the second function separates LIMB from all other regions. The third function isolates the FEN region from the others, as a large proportion of the grid squares that make up the FEN region consist of freshwater and the grid squares are largely situated on peat soil. The fourth function is less robust but separates the SAND from the SE region. The SAND region has a relatively low mean annual temperature and a slightly higher precipitation surplus, whereas the SE region receives a considerably higher deposition of nitrogen each year than the other regions. Characteristic species are listed for each region up to a maximum of 10. Preference index and the frequency of a species (% of grid squares in which it occurs) in the region are given in parentheses. The total number of characteristic species for each region is given in the last column. Nomenclature of the regions corresponds with that of the regions in Fig. 1 Reclassification of the original data with SDA in order to validate the outcomes of the initial analysis produced the following results. Using the 21 selected environmental variables and the four discriminate functions derived from the initial analysis, 81.9% of all grid squares could be allocated to the region they were assigned to during the initial analysis. A posteriori classification produced most satisfactory results for the DUNE (85.9%) and SE (84.5%) regions and a somewhat weaker fit for the LIMB (80.8%), SAND (79.6%), and FEN (79.1%) regions. 
Discussion
Despite the lack of endemic species or a clear distinction in species richness, we were able to identify major regions in the Netherlands warranting a high conservation priority in light of their biodiversity. By incorporating five distinct groups of species displaying a wide Factor loadings indicate the degree of correlation of the environmental variables with the discriminant functions (DF). High factor loadings ([0.4 or \-0.4) are given in bold. The position of the centroid (the point that represents the means for all variables in the multivariate space defined by the model) of each region is indicated relative to each discriminant function Fig. 2 Hotspots of characteristic species. Regionalization of the Netherlands based on the distribution of species from five taxonomic groups that have a high degree of fidelity to each region. Numbers refer to the number of taxonomic groups for which a grid square is allocated to the regions: a DUNE; b FEN; c SAND; d SE; and e LIMB. For abbreviations, see Table 3 b Biodivers Conserv (2010) 19:2517-2536 2529 range of life strategies, the regions defined in this study represent more generalized patterns. Thereby, this study adds important information to the regions based on single taxa already described. All the regions that we defined as hotspots have a distinct composition of species from several taxonomic groups. These regions are complementary in the sense that they all comprise species that do not (or only sparsely) occur in other parts of the country. For the five species groups studied here, these regions comprise the majority of the species present in the Netherlands, since these regions automatically incorporate the more common and widely distributed species too. This phenomenon of nestedness in species composition was observed earlier for Orthoptera in the Netherlands (Schouten et al. 2007 ).
The patterns we present here reflect a long time span . Species distribution ranges are, of course, not static. It may well be that, among the species we identified as characteristic of a certain region, there are species whose distribution ranges are currently expanding as a consequence of climate change. For several of the grasshopper and cricket species (Conocephalus discolor, Phaneroptera falcata, Conocephalus discolor) we have reason to assume this is the case. We are also aware of the limitations of the databases used in this study. For some species these databases probably do not give an accurate representation of their distributional ranges, due to lack of data. Were more data on the distribution of these species available, those currently identified as characteristic species could turn out to be more common than previously assumed. This underlines the importance of keeping distributional data up to date and of striving for maximum geographic coverage.
Differences among the hotspots of characteristic species
Stepwise discriminant analysis revealed significant environmental differences among the five hotspots. The regions appear to differ according to elevation, soil type, soil chemistry, and climate-the physical conditions most important to biodiversity (Schouten et al. 2009 ). There proved to be a big difference between regions in the eastern Pleistocene and those in the western Holocene parts of the Netherlands (see Appendix 2, Fig. 3 for locations) . The Holocene parts (including the DUNE and FEN regions) are characterized by a low elevation and a high amount of sunshine. The eastern Pleistocene parts (including SAND, SE, and LIMB) receive higher levels of precipitation, as large sections are situated on an icepushed sand plateau with hills. The SAND region is characterized by many boreal species. The SE region contains many central European species. The southern LIMB region stands out in every respect; with its aberrant soil type and relatively high hills it cannot be compared with any other region in the Netherlands. The majority of species occurring in the LIMB region have their origin in southern Europe. The five regions showed differentiation in climatic conditions (temperature, amount of radiation, and precipitation surplus). Therefore, changes in temperature and precipitation regimes as a consequence of climate change are expected to have a strong influence on the future species composition of the Netherlands. In fact, the first signs of this process have already been observed (Tamis et al. 2005) . The amount of nitrogen deposition also showed a strong correlation with the spatial organization of the regions. If nitrogen deposition acts as a strong driver of change in species composition, this could be an indication that human activity can easily, and within a time span of several decades, overrule historic biogeographical patterns.
Distinguishing features of the characteristic species
Species are deemed characteristic when their optimal distribution lies in a specific region. This means that, potentially, the species identified here as characteristic species warrant protection as they depend on a restricted part of the country for their existence. In general, species with a limited distribution range are more vulnerable to disturbance than species that have a broader range. And in fact the very existence of many of the species designated as characteristic species is under threat. The herpetofauna species we depicted as characteristic species are all included on the Red List of Threatened Species compiled by the IUCN (International Union for Conservation of Nature and Natural Resources), under the categories of critically endangered (1 species), endangered (5 species), or vulnerable (4 species). For the mosses, almost half of the characteristic species appear on the Red List of Threatened Species. For the grasshoppers and crickets, 7 of the 19 characteristic species are on the Red List. All seven of the dragonfly species identified as being characteristic of the FEN region are included on the Dutch Red List while four of them are also included in the EU Habitats Directive. A Red List of hoverfly species is currently not available. This certainly does not mean that hoverfly species are facing less threat than species that are legally protected; actually, several of the species we identified as characteristic species are rare and/or currently declining (Reemer et al. 2009 ).
Comparison with other regions
A regionalization of the Netherlands already exists for vascular plants (Weeda 1990 ) and breeding birds (Kwak and van den Berg 2004) . Based on the distribution of vascular plant species, 22 phytogeographical districts can be recognized for the Netherlands. According to the distribution of breeding bird species, the Netherlands can be divided into 18 separate districts. A general notion in ecology is that faunistic distributions may follow those of vegetation, as vegetation provides habitat for animals, birds, and insects. Sjörs (1965) suggested that especially in northern Europe, where there are few dispersal barriers and little endemism, there should be a high degree of similarity between faunistic regions and vegetation zones. There are indeed a number of similarities between the phytogeographical districts and the regions distinguished in this study. A dune district, a fen district (though less extended in the multi-taxon analysis), and the southern Limburg district are distinguished within both classifications. However, in certain regions, the phytogeographical districts differ in a fundamental way from the multi-taxon regions. The phytogeographical partitioning of the Pleistocene sand plateaus into two separate districts is not confirmed by the multi-taxon approach. Also Brabant and the central southeastern part of the country are, according to the multi-taxon analysis, not as different as the phytogeographical districts indicate. Furthermore, the division of the dune region into a phytogeographical Wadden and Renodunaal district is only present in the distribution of moss species. This can be explained by the fact that both vascular plants and mosses have a much stronger link with physical conditions than fauna has. The major difference between the breeding bird districts and the multi-taxon regions concerns the fen areas. According to distributional patterns of breeding bird species, the fen areas of Noord-Holland and Utrecht can be distinguished as a separate region, different from the fen areas of Friesland and Groningen. However, rigorous comparison of these different classifications remains difficult, as the aims and methods as well as the levels of classification differ.
Implications for nature conservation
Biogeographical regions should have characteristic species, correspond to a restricted range of environments, and show a certain degree of geographical congruence (Carey et al. 1995) . Therefore, biogeographical classifications comprise a useful framework for the conservation of biodiversity (Whitehead et al. 1992; Palmer 1999; Whittaker et al. 2005) . In this study we were able to identify five regions in the Netherlands that meet these requirements. Therefore, in order to efficiently capture the wide spectrum of Dutch biodiversity, these multi-taxon hotspots of characteristic species should be well represented in nature conservation policy, notably within the National Ecological Network. Nature conservation should be concerned with the wider sustainable processes and conditions in ecosystems rather than being narrowly fixated on some species of special interest.
Together, the five regions containing unique species cover about 40% of the country's surface. This fact does not imply that the other 60% has no conservation value. For example, few of the characteristic species traced in this study are exclusive to a single region; most of them also occur, though rather sparsely, in other parts of the country. Following the methodological principles of robustness and generalizability, we looked for congruence across the distribution patterns of five species groups and selected only those regions where at least two of the groups were represented. As a consequence, the riverine region in the south of Gelderland for example, was not included in our selection; although it contains several characteristic moss species.
The number of characteristic species in each region varied. The small LIMB region hosts by far the highest number of characteristic species. However, the species occurring there are not of great international importance. Being submarginal species in the Netherlands, their distribution is much larger in southern or central Europe. The FEN region, in contrast, is not characterized by many species but is very important from an international perspective, as many of these species depend largely on the Netherlands for their existence (Reemer et al. 2009 ). Dutch policy on nature conservation should therefore concentrate more of its efforts on this area. This example highlights the need for an evaluation at a higher (Europe-wide) level to assess the importance of different species and regions.
Appendix 1
See Table 5 . 5.9 ± 2 7.1 ± 1.3 4.6 ± 1.9 6 ± 1.5 7.1 ± 1.1 Salinity (mg/l) 0.4 ± 0.2 0.4 ± 0.2 0.3 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 Dominant landscape age a 4.6 ± 3.7 4.1 ± 2.5 2.7 ± 2.4 5.8 ± 2.9 5.6 ± 2.9
Relative humidity in spring (%)
81.3 ± 1.5 80.1 ± 1.4 78.3 ± 1.8 77.1 ± 1.6 76.3 ± 0. Temperature (°C) 9.9 ± 0.4 9.5 ± 0.3 9.3 ± 0.2 9.7 ± 0.3 9.9 ± 0.1 Precipitation surplus (mm)
216.9 ± 37.2 252.7 ± 25.7 282.8 ± 45.3 227.8 ± 39.5 221.5 ± 38.3
Poor sandy soils (km 2 ) 3.1 ± 4.0 3.3 ± 5.6 12.4 ± 7.1 7.9 ± 5.7 1.0 ± 2.3
Rich sandy soils (km 2 ) 1.5 ± 2.8 2.4 ± 4.4 7.5 ± 6.1 9.3 ± 6.0 0.7 ± 2.2
Calcareous sandy soils (km 2 )
5.1 ± 5.4 0.4 ± 1.5 0.1 ± 0.5 0.2 ± 0.6 0.1 ± 0.4
Non-calcareous clay (km 2 )
2.9 ± 4.2 5.4 ± 5.8 1.2 ± 3.5 2.0 ± 3.5 4.8 ± 5.4
Calcareous clay (km 2 ) 2.6 ± 4.9 2.3 ± 5.5 0.3 ± 1.7 1.3 ± 3.6 0.4 ± 0.7
Non-calcareous loam (km 2 )
0.0 ± 0 0.0 ± 0 0.1 ± 0.4 0.32 ± 1.3 11.5 ± 8.3
Peat soils (km 2 ) 0.4 ± 0.9 6.9 ± 7.2 1.6 ± 2.6 0.8 ± 2.1 0.2 ± 0.8 8.4 ± 6.7 15.8 ± 5.1 12.6 ± 6.8 14.6 ± 5.0 13.4 ± 5.1
Urbanized areas (km 2 ) 6.4 ± 5.7 4.2 ± 3.8 3.6 ± 3.2 5.0 ± 4.3 7.5 ± 4.7
Deciduous forest (km 2 )
1.5 ± 1.7 0.5 ± 0.6 1.9 ± 1.3 1.5 ± 0.9 1.5 ± 0. Freshwater (km 2 ) 0.9 ± 1.6 2.6 ± 3.0 0.3 ± 0.6 0.6 ± 0.9 0.6 ± 1.1 Fig. 3 Map of the Netherlands, provinces indicated, gray Pleistocene and older, rest Holocene Nature (%) 5.3 ± 4.8 2.3 ± 2.5 8.2 ± 6.7 4.2 ± 3.2 1.9 ± 1.2 n = number of 5 9 5 km squares included in each region a Eleven landscape age classes were defined: 1 (1000-1299); 2 (1300-1499) 3 (1500-1700); 4 (1701-1800); 5 (1801-1850); 6 (1851-1900); 7 (1901-1920); 8 (1921-1940); 9 (1941-1960); 10 (1961-1990); 11 (1991-2004) . Dates reflect the last major shift in land cover
